Introduction gression. Thus, autoantibody production against the vaccine-encoded product regressed to baseline levels T cell-mediated autoimmune diseases result from a shortly after remission in acute EAE, whereas in chronic breakdown of tolerance to self-components such as AA these antibodies were continuously produced, at a myelin proteins in multiple sclerosis, ␤-islets compovery high titer ( is that targeted DNA vaccines amplify a preexisting anti-1998). Karpus and colleagues first demonstrated the self-regulatory response, which, by itself, is capable of critical role of chemokines in autoimmunity, using antilimiting, albeit not preventing, the emerging autoimmune condition. The current study uses a variety of complementary strategies to explore this hypothesis.
*Correspondence: nkarin@tx.technion.ac.il 
Results
remained at baseline levels (log 2 Ab titer of 5-6). Plasmid DNA vaccines encoding proinflammatory mediators could not elicit anti-self responses under these condiBeneficial Autoimmunity to Proinflammatory but Not Regulatory Mediators Participates tions (log 2 Ab titer of 5-6 sera to all cytokines/chemokines). These data imply that DNA vaccines encoding in the Regulation of AA We followed the development of autoantibody producself-proinflammatory mediators can rapidly amplify but not generate autoantibody responses. tion to various proinflammatory and regulatory mediators during AA and the ability of targeted DNA vaccines Figure 1A ). Even the response to IFN-␥ that plays a pleiotropic role in we mapped determinant that autoantibodies from AA rats, which were or were not subjected to a TNF-␣ enthe regulation of autoimmunity (Krakowski and Owens, 1996) was at background levels. Moreover, the immune coding DNA vaccine, bind on TNF-␣ (Figure 2A ). Autoantibodies produced in AA rats bound only 3 out of 24 response was different toward two members of the same gene family: TNF-␣, a key proinflammatory mediadifferent fragments that were constructed from the whole cytokine ( Figure 2A The contribution of anti-TNF-␣ Ab produced during natWe checked whether the administration of a DNA vacural regulation of disease was then evaluated by comcine encoding one inflammatory mediator might induce plementary experiments. At first, the IgG fraction of a nonspecific amplification of autoantibody response to blood sera obtained from AA rats (peak of disease) was other inflammatory mediators. Serum obtained from AA purified on a CNBr-TNF-␣ purification column and tested rats treated with TNF-␣ encoding DNA vaccine (titer of for anti-TNF-␣ neutralizing competence in an in vitro log 2 24) was tested for antibody titer to MIP-1␣, MCP-1, system. Figure 3A shows that these anti-TNF-␣ Ab could IP-10, and IL-15. All titers varied between log 2 14 and effectively abolish the cytotoxic activity of TNF-␣ on log 2 16, which is similar to titers obtained in sera from U937 human T cells (p Ͻ 0.001). They were then tested control AA rats (see Figure 1 ). This implies that despite for their competence to suppress AA in adoptive transfer the CpG sequence included in these plasmids, the vacexperiments. Figure 3B shows that TNF-␣-specific anticines amplify responses in a specific manner. bodies produced in AA rats (that were not subjected to plasmid DNA therapy) can effectively suppress ongoing , 1996) . We used our TNF-␣ encoding DNA plasmid to induce neonatal tolerance to its gene product and studied the consequences of this abolition on the develBeneficial Autoimmunity Is Restricted to Highly Selective Determinants opment and progression of AA (Figure 4 ). At first, we looked for a way to obtain a moderate form of disease, To further explore the above hypothesis, we decided to focus on one of these mediators, TNF-␣. This proinflamwhich potentially could be aggravated. We found that Rat TNF-␣ (a 237 amino acid protein) was subjected to trypsin proteolysis followed by HPLC purification, resulting in 24 different fragments that comprise the whole protein. Each fragment was sequence-verified, coated on an ELISA plate, and used to map the epitopes recognized by the sera of TNF-␣ DNA-vaccinated rats. Groups of 3 rats were subjected to active AA induction. On day 18, just before the peak of disease, these rats were (black columns) or were not (striped columns) treated with a TNF-␣ encoding DNA plasmid. Three days later (day 21), blood serum from each group was tested for its ability to bind each of the different TNF-␣ fragments described above. Results are shown as mean of triplicates Ϯ SE. injection, for as long as 4 weeks, the actual amount of gene products produced there is extremely low and is probably rapidly neutralized by autoantibodies, like Discussion those shown to exist against TNF-␣ (Wildbaum et al.,  2002a) . According to our current study, an administraThe current study shows that during an autoimmune tion of a DNA vaccine encoding a regulatory cytokine, condition, the immune system mounts a beneficial autosuch as IL-4, during inflammation would not elicit antiantibody response to proinflammatory mediators. This IL-4 immunity. Under these conditions, the low amount response counteracts, to a certain extent, the autoimof IL-4 produced at the site of injection would be funcmune pathology. This natural counteraction is illustrated tional. This may explain, in part, why administration of in animal models of autoimmunity, and evidence is pro-DNA vaccines encoding a self-autoimmune antigen plus vided that it occurs in the human disease rheumatoid ar-IL-4 leads to the generation of antigen-specific Th2 cells (Garren et al., 2001 ). thritis.
(C) Using the same procedure, rats were subjected to TNF-␣ encoding DNA plasmid neonatally, and to active induction of AA at 8 weeks of age. These rats were then separated into different groups that were or were not administered (every other day beginning at the onset of disease) with anti-TNF-␣ Ab (IgG fraction of blood sera obtained from control AA rats, purified on a CNBr-TNF-␣ purification column). The mean maximal clinical score of six rats per group Ϯ SE is shown. ., 1992 ). Sections were stained with hematoxycific antibodies from sera (IgG fraction) were loaded on the column, eluted by an acidic elution buffer (glycine pH ϭ 2.5). lin and eosin and analyzed by a histopathologist who was a blind observer to the experimental procedure. Evaluation was based upon the presence of an inflammatory mononuclear cell infiltrate in the Statistical Analysis Significance of differences was examined using the Student's t test. synovial membrane, the thickness of the synovial lining, joint space narrowing, and periosteal new bone formation. The histological A value of p Ͻ 0.05 was considered significant. The Mann-Whitney sum of ranks test was used to evaluate the significance of differscore was determined as follows: 0 ϭ no evidence of disease, 1 ϭ mild lymphocytic infiltrate, 2 ϭ widespread mononuclear infiltration ences in the mean maximal clinical score. A value of p Ͻ 0.05 was considered significant. and thickening of the synovial lining, and 3 ϭ severe bone destruction, new bone formation, and destruction of the synovial lining (Bacha et al., 1992) .
